Regeneration of Trachyspermum ammi L. Sprague ecotypes via indirect somatic embryogenesis using hypocotyl and epicotyl explants by Nomani, Masoumeh et al.
 
 
Indian Journal of Experimental Biology 






Regeneration of Trachyspermum ammi L. Sprague ecotypes via indirect somatic 
embryogenesis using hypocotyl and epicotyl explants 
Masoumeh Nomani
1




 & Hossein Ramshini
1
 
1Department of Agronomy and Plant Breeding, College of Aburaihan, University of Tehran, Tehran, Iran  
2 Department of Plant Biotechnology, College of Life Science and Biotechnology, Shahid Beheshti University, Tehran, Iran 
Received 18 July 2018; revised 29 June 2020 
Trachyspermum ammi L. Sprague, commonly known as ajwain, carom or thymol seeds, is one of the oldest medicinal 
plants with numerous health benefits. The classical breeding process of medicinal plants is not only time consuming but also 
requires much efforts. Biotechnological techniques such as in vitro regeneration which increase the capacity of production 
of medicinal plants rely upon a plenty of components. Here, we studied regeneration of T. ammi by indirect somatic 
embryogenesis by employing MS and B5 media supplemented with a diverse concentration of plant growth regulators 
(PGRs), including 2,4-D, kinetin, NAA, IAA, and BAP with four explants (hypocotyl, epicotyl, root and node) and  
3 ecotypes (Qom, Yazd, and Rafsanjan). The highest callus induction was obtained from hypocotyl explants on MS medium 
supplemented with 8.917 µm/L 2,4-D and 2.32 µm/L KIN and epicotyl explants on B5 medium supplemented with  
1.074 µm/L NAA and 0.89 µm/L BAP. The highest indirect regeneration (83%) was observed in hypocotyl explants on MS 
medium supplemented with 0.93 µm/L kinetin. To the best of our knowledge, the present study (2017) is the first report on 
indirect somatic embryogenesis from hypocotyl and epicotyl of the Iranian Trachyspermum ammi ecotypes that can be 
beneficial for genetic transformation and other plant biotechnology techniques.  
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Trachyspermum ammi L. Sprague, commonly called 
Ajwain, Carom or Thymol seeds, is a traditional 
medicinal herb, which is highly effective in curing 
various human and animal diseases. It grows wildly in 
different parts of Iran, India, Pakistan and Egypt
1
. 
Some of the therapeutic characteristics of ajwain are 
treat gout and rheumatism
2
, activate immune response 
and production of antibodies
3
, cure stomachache and 
Antihyperlipidaemic
4
. Trachyeprmum ammi has  
many therapeutic applications in Persian traditional 
medicine
5
. Ajwain seed contains 2-4% essential oil, 
the most important component of which is thymol
6
. 
Thymol has many medical uses, including curing 




Medicinal herbs produce valuable secondary 
metabolites, with many uses like pharmaceuticals, 
healthcare industry, food flavors, perfumes, 
insecticides, etc. The production of these compounds 
is associated with many problems due to low 
production, non-uniformity of quality, and natural 
conditions. However, applying biotechnological 
methods for selection, propagation and maintenance 
of medicinal plants is essential
8
. In recent years, 
employing tissue culture techniques as a quick and 
effective method to preserve valuable medicinal 
plants and produce secondary metabolites has been 
dramatically and rapidly rising. Nowadays, somatic 
embryos are widely used in biochemical, 
physiological, morphological and genetic research 
studies. These embryos are obtained from single cells 
and are able to be regenerated, making them suitable 
for storage of plant germplasm
9
. Somatic 
embryogenesis involves several in-vitro phases of 
initiation, growth, and germination of somatic 
embryos
10
. Auxin and cytokinin growth regulators 
have a significant role in growth quality in explants. 
In former researches, the efficacy of auxins and 
cytokinins for regeneration of several medicinal 
plants has been studied
11-13
. To transfer proper genes 
to medicinal plants via Agrobacterium and other 
methods, an appropriate tissue culture system is 
necessary for plant regeneration from a transgenic 
cell. Regeneration of a large number of transgenic 
plants with foreign gene plays a vital role in 
improving their traits
14
. The most important step for 








Hypocotyl and epicotyl as appropriate explants have 
been reported in the regeneration of some medicinal 






 published a paper in which they 
described direct shoot regeneration from seed 
explants of Trachyspermum ammi. Salehi et al.
25
 
showed that direct shoot and root regeneration of  
T. ammi using apical bud explants on MS medium 
supplemented with BAP (4.4 μm/L) and IAA  
(0.5 µm/L). Purohit & Kothari
7
 reported that direct 
somatic embryogenesis occurred in MS medium 
containing 2,4-D (0.2 mg/L) from cotyledon and 
cotyledonary node explants of T. ammi.  
 
In the present study, we tried to optimize the 
indirect regeneration of the Iranian ecotypes of 
Trachyspermum ammi (Qom, Yazd and Rafsanjan), 
using hypocotyl and epicotyl explants on MS and B5 
media supplemented with various concentrations of 
plant regulators. This method can be efficacious and 
beneficial in gene transfer, propagation and other uses 
in plant biotechnology. 
 
Materials and Methods 
 
Seed sterilization and explant preparation 
Trachyspermum ammi seeds of three ecotypes of 
Qom, Rafsanjan, and Yazd were obtained from 
Research Institute of Forest and Rangelands of Iran 
and authenticated at the Department of Agronomy and 
Plant breeding, College of Aburaihan, University of 
Tehran. For the purpose of seed sterilization,  
the seeds were surface-sterilized with 70% ethyl  
alcohol for 1.0 min and then treated immediately by 
1.5% sodium hypochlorite solution for 7 min. 
Subsequently, they were rinsed with sterile water 
three times. After drying on sterile filter paper for 15 





 media. The tubes were 
transferred to the growth chamber with 16 h of 
photoperiod and maintained at 25±2°C. 
 
Establishment of seedling culture and callus induction  
Twenty-day-old seedlings were utilized for tissue 
culture. This experiment was carried out by 3 
ecotypes and 4 explants. One-cm-long hypocotyl, 
epicotyl, root, and node explants were cultured on MS 
and B5 media supplemented with different 
concentrations of plant growth regulators (PGRs) 
based on following ratios : (1) MS + 8.92 µm/L 2,4-D 
+ 2.32 µm/L kin; (2) MS + 4.5 µm/L
 
2,4-D + 0.5 
µm/L kin; (3) B5 + 1.07 µm/L NAA + 0.89 µm/L 
BAP; and (4) B5 + 1.07 µm/L NAA + 0.45 µm/L 
BAP + 2.28 µm/L IAA. To select the media, we used 
the PGRs according to previous studies on Apiaceae 
family by changing the PGRs concentrations
28-30
. 
These media were selected as a superior environment 
for callus induction and indirect regeneration of 
Trachyspermim ammi. The optimized pH of the media 
was adjusted to 5.7-5.8 before the addition of  
7% agar. All hormones were added to the media 
before autoclaving. Afterward, the culture media were 
autoclaved at 121°C and 1.2 kg cm
-2
 pressure for  
20 min.  
 
Somatic embryogenesis induction 
For the induction of somatic embryogenesis, the 
calluses were sub-cultured on the media with a low 
amount of plant growth regulators based on the 
following ratios: 1) MS + 4.5 µm/L 2,4-D + 2.32 
µm/L kin; 2) MS + 4.5 µm/L 2,4-D + 0.09 µm/L kin; 3) 
B5 + 1.07 µm/L NAA + 0.89 µm/L BAP; 4) B5 + 
0.54 µm/L NAA + 0.45 µm/L BAP + 1.14 µm/L IAA. 
The percentage of embryogenic calluses was 
calculated in each Petri dish. 
 
Plant regeneration and acclimatization  
To regenerate the plantlets, 3-week embryogenic 
calluses (MS) and 4-week embryogenic calluses (B5) 
were subcultured on MS medium supplemented with 
0.93 µm/L kin. In order to study seedlings and their 
exposure to greenhouse conditions, the plantlets were 
subcultured on MS medium without PGRs for  
10 days. The roots of the plantlets were gently washed 
with tap water to remove agar. Afterward, the 
seedlings were transferred to plastic pots containing 
sterilized soil (vermiculite, garden soil and perlite).  
At this stage, it is important to maintain the moisture 
of the seedlings. Hence, they were covered with a 
plastic cover. After two weeks, the seedlings were 
cultured into larger pots and eventually transferred to 
the greenhouse.  
 
Statistical analysis 
The treatments were tested in factorial 
experimental based on Completely Randomized 
Design (CRD) with four replicates (Petri dish) and 18 
explants. In addition, the following traits were 
studied: callus induction, the number of days required 
for the appearance of callus, embryogenic callus and 
regeneration. Since some of the data were not 
normally distributed, data conversion (exponential) 
was applied. The mean values were compared, using 
Duncan's multiple range test at 5% probability level. 
Kruskal-Wallis test with a completely randomized 
design was used for the data that were not normalized. 




The data were statistically analyzed, using  




Callus induction and embryogenic calluses were 
observed in all explants. The regeneration occurred 
only in hypocotyl and epicotyl explants (Fig. 1). The 
best treatment for callus induction was MS medium 
supplemented with 8.92 µm/L 2,4-D + 2.32 µm/L kin 
(hypocotyl). Additionally, the best medium was B5 
medium supplemented with 1.07 µm/L
 
NAA and  
0.89 µm/L BAP (epicotyl). There were large callus in 
MS and B5 media for all three ecotypes. The largest 
callus induction was observed in hypocotyl of Qom 
and Yazd ecotypes on MS medium and hypocotyl of 
Qom, Yazd and Rafsanjan ecotypes on B5 medium; 
however, the lowest callus induction was in the  
node of Rafsanjan ecotype on MS medium. (Fig. 2). 
Comparison of callus induction between the two 
media indicated that B5 medium had a high 
percentage of callus induction for explants and 
ecotypes (Fig. 2).  
 
After 30 to 35 days and depending on the explants 
and ecotypes, the calluses were sub-cultured on MS 
medium with less than 2,4-D and kinetin for induction 
of embryogenesis. The best treatment for 
embryogenic calluses was MS medium supplemented 
with 4.5 µm/L 2.4-D and 2.32 µm/L Kin. On B5 
medium after a month, the calluses were subcultured 
on the same medium with constant PGRs, and then 
the embryogenic calluses emerged. The bright yellow 
and brittle calluses such as embryogenic calluses were 
compared with green and juicy calluses such as non-
embryogenic calluses. The largest embryogetic 
calluses were observed in hypocotyl of Qom and 
Yazd ecotypes on MS medium and epicotyl of Qom 
ecotype on B5 medium, while the lowest calluses 
were observed in the node of Rafsanjan and Yazd 
ecotypes on MS medium (Fig. 3). Comparison of the 
percentage of embryogenic calluses between both 
media revealed that B5 medium had a higher 
 
 
Fig. 1 — In vitro plant regeneration of Trachyspermum ammi (A) Callus induction from hypocotyl explants on MS medium; (B) Leaf and 
root formation from somatic embryogenic callus on MS medium; (C & D) Regenerated plant on MS medium; (E) Callus induction from 




Fig. 2 — (A) Callus induction of different ecotypes and explants 
on MS and B5 media supplemented with plant regulators after 18-
25 days. Different letters indicate a significant difference between 
treatments at P ≤0.05 according to the Duncan test; And (B) Mean 
comparison of the percentage of callus induction on MS and B5 
media for all ecotypes (Qom, Yazd and Rafsanjan) and explants 




Fig. 3 — (A) Embryogenic calluses induction of different 
ecotypes and explants on MS and B5 media supplemented with 
plant regulators after 45-50 days. Different letters indicate a 
significant difference between treatments at P ≤0.05 according to 
the Duncan test; and (B) Mean comparison of the percentage of 
embryogenic calluses on MS and B5 media for all ecotypes  
(Qom, Yazd and Rafsanjan) and explants (hypocotyl, epicotyl, 
root and node) 




percentage than MS medium for explants and 
ecotypes (Fig. 3).  
 
The embryogenic calluses were subcultured on MS 
medium supplemented with 0.93 µm/L Kin on MS 
medium after two months. Moreover, the regeneration 
of hypocotyl explants was observed in three ecotypes 
(Qom 83%, Rafsanjan 35%, and Yazd 45%) (Fig. 4). 
This regeneration was simultaneous with the 
appearance of shoot and root for hypocotyl explants 
on MS medium. Different appearances of ecotypes to 
be regenerated can be due to different expression 
genes or groups of genes in these ecotypes. On B5 
medium after 70 days, the embryogenic calluses were 
transferred to the MS medium supplemented with 
0.93 µm/L
 
Kin. The shoot regeneration of epicotyl 
explants was observed in three ecotypes (Qom 38.4%, 
Rafsanjan 20.1%, and Yazd 23.51%); also, the shoot 
regeneration was in the node of Qom (Fig. 4). 
Subsequently, the plantlets were transferred to MS 
medium supplemented with 0.57 µm/L
 
IAA, and they 
showed root formation for epicotyl explants. 
Comparison of regeneration percentage between the 
two media demonstrated that MS medium had a 
higher percentage of regeneration than B5 medium  
for explants and ecotypes (Fig. 4). Furthermore, 
comparison of the regeneration percentage between 
the three ecotypes indicated that Qom ecotype had the 
highest percentage of regeneration (Fig. 4).  
 
According to these results, 2,4-D is not necessary 
on MS medium to regenerate hypocotyl explants. 
Regeneration was not observed on MS medium 
supplemented with 4.5 µm/L 2.4-D + 0.09 µm/L kin. 
Therefore, regeneration failed in the presence of low 
kinetin or the absence of kinetin. The highest 
regeneration was obtained on B5 medium from 
epicotyl explant of Qom ecotype. In this medium, 
regeneration was not observed on B5 medium 
supplemented with 0.54 µm/L NAA + 0.45 µm/L 
BAP + 1.14 µm/L IAA. Thus, regeneration failed in 
the presence of low BAP and high IAA. Furthermore, 
auxin (IAA) was essential in rooting the regenerated 
plantlet. Indirect regeneration occurred during days 
85-90 depending on the ecotypes. 
 
Results of Kruskal–Wallis test, for the number of 
days required for callus appearance on MS medium 
(MS + 8.92 µm/L 2,4-D + 2.32 µm/L Kin) showed 
that epicotyl explants, node, root, and hypocotyl have, 
respectively, the highest upper-median and number of 
days for callus appearance (Table 1). In contrast, it 
was found that the ecotype of Qom had the lowest 
 
 
Fig. 4 — (A) Shoot regeneration of different ecotypes (Qom, Shahedieh Yazd, Rafsanjan) and explants (hypocotyl, epicotyl, root and 
node) on MS and B5 media supplemented with plant regulators. Different letters indicate a significant difference between treatments at P 
≤0.05 according to Duncan test; (B) Mean comparison of the percentage of regeneration on MS and B5 media for all ecotypes (Qom, 
Shahedieh Yazd and Rafsanjan) and explants (hypocotyl, epicotyl, root and node); and (C): Mean Comparison of the percentage of 
Regeneration of 3 ecotypes (Qom, Shahedieh Yazd, Rafsanjan) on two media (MS and B5) and all explants (hypocotyl, epicotyl, root, 
and node) 
Table 1 — Kruskal-Wallis test for days required for callus 
initiation in 4 different explants and 4 media 
Media* 


























epicotyl 34.50 epicotyl 39.83 epicotyl 23.50 epicotyl 41.50 
root 19.83 root 15.83 root 20.50 root 18.83 
node 23.83 node 21.17 node 19.50 node 21.73 
[* (1) MS + 8.92 µm/L 2,4-D + 2.32 µm/L kin; (2) MS + 4.5 
µm/L 2,4-D + 0.5 µm/L kin; (3) B5 + 1.07 µm/L NAA + 0.89 
µm/L BAP; and (4) B5 + 1.07 µm/L NAA + 0.45 µm/L BAP + 
2.28 µm/L IAA] 
 




number of days required for callus appearance, 
followed by Rafsanjan and Yazd (Table 2).  
In addition, this test indicated the number of days 
required for callus appearance on B5 medium (B5 + 
1.07 µm/L NAA + 0.89 µm/L BAP) and revealed that 
epicotyl, node, root, and hypocotyl had higher upper-
median and number of days needed for callus 
appearance, respectively (Table 1). Moreover, Qom 
had the lowest number of days required for callus 
formation, while Yazd, and finally, Rafsanjan had the 
highest number of days for callus appearance (Table 2). 
In general, in both media, the highest number of days 
necessary for appearance of callus induction was for 
epicotyl and the lowest for hypocotyl explants.  
 
Discussion 
In vitro propagation is useful for reproducing, 
maintaining, and saving medicinal plants that are 
difficult to be regenerated by conventional methods. 
In this research, we reported indirect regeneration and 
somatic embryogenesis of the Iranian ecotypes of 
Trachyspermum ammi using explants of hypocotyl 
and epicotyl. The results of three ecotypes with four 
explants manifested that all calluses emerged, and the 
majority of callus induction belonged to hypocotyl in 
MS and epicotyl in B5 media. The highest callus 
induction was in media MS + 8.92 µm/L 2,4-D + 2.32 
µm/L Kin and B5 + 1.07 µm/L NAA + 0.89 µm/L 
BAP. Yang et al.
31
 showed that 6-BA and 2,4-D 
concentrations significantly affected the induction 
frequency of embryogenic callus. Bayarmaa
32
 
reported that the embryogenic callus in Zygophyllum 
potaninii was achieved from the medium 
supplemented with 2.4-D. The embryogenic calluses 
appeared with a gradual reduction of hormones in the 
majority of explants. Merkle & Nairn
33
 demonstrated 
that somatic embryogenesis occurred in the medium 
with high concentration of auxin or in medium 
containing lower concentration of auxin. Pais
34
 
reported that high yields of somatic embryos simplify 
the use of these embryos for the achievement of large 
numbers of plants and its use in crop improvement. 
Somatic embryogenesis is an impressive alternative 
procedure to increase the rapidity of plant 
proliferation. Plant propagation by somatic 
embryogenesis has numerous utilizations in genetic 




Embryogenic calluses from the hypocotyl explants 
on MS medium after sub-culturing it with (0.93 
µm/L) kin and free 2,4-D showed a good regeneration 
in Trachyspermum ammi after 80 days. Zhao et al.
36
 
reported that cytokinin, in combination with auxin, 
plays an important role in starting somatic 
embryogenesis in cereals. Schaller et al.
37
 declared 
that the interaction of auxin and cytokinin in growth 
and developmental processes of many plants has the 
utmost importance. Sedaghaty et al.
38
 illustrated that 
kinetin inhibits the formation of somatic embryos and 
has negative effect on plant regeneration. 
 
In our study, calluses on medium B5 + 1.07 µm/L 
NAA + 0.89 µm/L BAP with explants of epicotyl 
showed shoot regeneration after subculture to the MS 
medium supplemented with kin (0.93 µm/L) after 85 
days. On this medium, the growth of calluses was 
very quick and with a large size. There are also some 
reports about regeneration of NAA and BAP in callus 





In this research, for the first time, we found that in 
ecotypes of Trachyspermum ammi with a low amount 
of thymol
41
, callus induction was very difficult, and 
there was very little regeneration (data not shown). 
However, in ecotypes with high levels of thymol, high 
callus induction was observed and relatively good 
regeneration in hypocotyl and epicotyl explants. 
Kumari et al.
42
 showed the growth-promoting effect 
of thymol nanoemulsion on soybean plant growth. 
Also, by reducing the amount of 2,4-D, embryogenic 
callus was induced, and by removing 2,4-D, 
regeneration occurred.  
 
Conclusion 
A reliable in vitro regeneration of Trachyspermum 
ammi was presented in the current study. The results 
demonstrated that hypocotyl and epicotyl explants 
with appropriate plant growth regulator can produce 
successful regeneration of T. ammi. Regenerating of 
Trachyspermum Ammi was acquired from hypocotyl 
and epicotyl explants during 80 - 90 days. The highest 
Table 2 — Kruskal-Wallis test for days required for callus 
initiation in 3 different ecotypes and 4 media 
Media* 















Qom 13.50 Qom 14 Qom 14.50 Qom 18 










[* (1) MS + 8.92 µm/L 2,4-D + 2.32 µm/L kin; (2) MS + 4.5 
µm/L 2,4-D + 0.5 µm/L kin; (3) B5 + 1.07 µm/L NAA + 0.89 
µm/L BAP; and (4) B5 + 1.07 µm/L NAA + 0.45 µm/L BAP + 
2.28 µm/L IAA] 
 




indirect regeneration (83%) was observed in 
hypocotyl explants on MS medium supplemented 
with kinetin.These methods can have important roles 
in gene transformation and molecular research. They 
have some benefits such as higher regenerated 
plantlets, simultaneous shoot and root induction, and 
reduction of subcultures. 
 
Acknowledgement 
We are thankful to Dr. Mohammad Hassan Osareh 
from Institute of Science and Technology, 
development of medicinal and aromatic plants and 
traditional medicine of Iran for the introduction of 
Trachyspermum ammi and providing financial support 
and Dr. Ali Ashraf Jafari from Research department 
of a gene bank of Research Institute of Forest and 
Rangelands of Iran for providing the seeds of 
Trachyspermum ammi ecotype. 
 
Conflict of interest 
The authors declare no conflicts of interest. 
 
References 
1 Shojaaddini M, Moharramipour S & Sahaf B, Fumigant 
toxicity of essential oil from Carum copticum against  
Indian meal moth, Plodia interpunctella. J Plant Prot Res, 48 
(2008) 411. 
2 Bilal M, Ahmad S, Rehman T & Abbasi WM, Effects of 
Trachyspermum ammi L (Apiaeae) on serum, urine, and 
hepatic uric acid levels in oxonate-induced rats and in vitro 
xanthine oxidase inhibition assay. Indian J Tradit Knowle, 18 
(2019) 52.  
3 Shruthi RR, Venkatesh YP & Muralikrishna G, In vitro 
immunomodulatory potential of macromolecular components 
derived from he aqueous extract of ajowan [Trachyspemum 
ammi (L.) Srague. Indian J Tradit Knowle, 16 (2017) 506.  
4 Jain N, Sharma V & Ramawat KG, Therapeutic potentials of 
medicinal plants traditionally used during postpartum period 
and their molecular targets. Journal of Ecobiotechnology, 3 
(2011) 30.  
5 Zarshenas MM, Moein MR, Mohammadi Samani S & 
Petramfar P, An overview on Ajwain (Trachyspermum 
ammi) pharmacological effects; modern and traditional.  
J Nat Rem, 14 (2014) 98. 
6 Bairwa R, Sodha RS & Rajawat BS, Trachyspermum ammi. 
Pharmacognacy, 6 (2012) 56. 
7 Purohit S & Kothari SL, Direct somatic embryogenesis from 
cotyledon and cotyledonary node explants in bishops weed 
Trachyspermum ammi (L.) Sprague. In Vitro Cell Dev Biol 
Plant, 43 (2007) 154. 
8 Tripathi L & Tripathi JN, Role of biotechnology in medicinal 
plants. Trop J Pharm Res, 2 (2003) 243. 
9 Razdan MK, Introduction to plant tissue culture, (Oxford & 
IBH Publishing Co Pvt.Ltd, New Delhi), 2019. 
10 Lu D, Wei W, Zhou W, McGuigan LD, Ji FY, Li X, Xing Y, 
Zhang Q, Fang KF, Cao Q & Qin L, Establishment of a 
somatic embryo regeneration system and expression analysis 
of somatic embryogenesis-related genes in Chinese chestnut 
(Castanea mollissima Blume). Plant Cell Tiss Organ Cult, 
130 (2017) 601. 
11 Jain P, Danwra K, Shara HP & Mahato D, In vitro tissue 
culture studies and synthetic seed formation from Plumbago 
zeylanica L. Indian J Exp Biol, 56 (2018) 769. 
12 Zhao F, Wang R, Xue J & Duan Y, Efficient callus-mediated 
regeneration and in vitro root tuberization in Trichosanthes 
kirilowii Maxim., a medicinal plant. In Vitro Cell Dev Biol 
Plant, 54 (2018) 621 
13 Jayaram K & Prasad MNV, Rapid in vitro multiplication of 
Drosera burmanii Vahl.: A vulnerable and medicinally 
important insectivorous plant. Indian J Biotechnol, 7 (2008) 260.  
14 Rajasekaran K, Hudspeth RL, Carry JW, Anderson DM & 
Cleveland TE, High- frequency stable transformation of 
cotton (Gassypium hirsutum L.) by bombardment of 
embryogenic cell suspension culture. Plant Cell Rep, 19 
(2000) 539. 
15 Ayesh G & Strivastava DK, Effect of thidiazuron on in vitro 
regeneration potential of cotyledon and hypocotyl explants of 
cauliflower (Brassica oleracea L.var. botrytis). Indian J 
Biotechnol, 16 (2017) 126. 
16 Hesami M & Daneshvar MH, In Vitro Adventitious Shoot 
Regeneration through Direct and Indirect Organogenesis 
from Seedling-derived Hypocotyl Segments of Ficus 
religiosa L.: An Important Medicinal Plant.Hortscience, 53 
(2018)55.  
17 Jan M, Singh S, Maqbool F & Nawchoo IA, Direct shoot 
regeneration from hypocotyl explants of Heracleum 
candicans Wall: A vulnerable high value medicinal herb of 
Kashmir Himalaya. Afr J Agric Res, 13 (2018) 1419. 
18 Maligeppagol M, Manjula R, Navale PM, Babu KP, Kumbar 
BM & Laxman RH, Genetic transformation of chilli 
(Capsicum annuum L.) with Dreb1A transcription factor 
known to impart drought tolerance. Indian J Biotechnol, 15 
(2016) 17.  
19 Verma SK, Sahin G & Gurel E, Somatic embryogenesis, 
pigment accumulation, and synthetic seed production in 
Digitalis davisiana Heywood. Indian J Exp Biol, 54 (2016) 
245.  
20 Nagar DS, Jha SK & Jani J, Direct adventitious shoot bud 
formation on hypocotyls explants in Millettia Pinnata (L.) 
Panigrahi- a biodiesel producing medicinal tree species. 
Physiology and Molecular Biology of plants, 21 (2015) 287. 
21 Kumari S, Krishnan V, Dahuja A, Vinutha T, Jolly M, 
Sachdev A, A rapid method for optimization of 
Agrobacterium-mediated transformation of Indian soybean 
genotypes. Indian J Biochem biophys, 53 (2016) 218. 
22 Ju HJ, Jeyakumar J, Kamaraj M, Praveen N, Chung IM, Kim 
SH & Tiruvengadam M, High frequency somatic 
embryogenesis and plant regeneration from hypocotyl and 
leaf explants of gherkin (Cucumin anguria L.). Sci Hortic, 
169 (2014) 161. 
23 Isah T & Mujib A, In vitro plant regeneration of Coffee 
Senna (Senna occidentalis) from hypocotyl- derived callus. 
Acta Biol Cracov Bot, 55 (2014) 120. 
24 Koca A & Aasim M, Establishment of efficient micro 
propagation system in Bishops weed (Trachyspermum ammi) 
using seed as explant. J Anim Plant Sci, 25 (2015) 478. 
25 Salehi M, Hosseini B & Jabbarzade Z, High–frequency  
in vitro plantlet regeneration from apical bud as a novel 




explant of Carum copticum l., Asian Pacific J Trop Biomed, 
4 (2014) 424. 
26 Murashinge T & Skoog F, A revised medium for rapid 
growth of and bioassays with tobacco tissue cultures. 
Physiol, Plant, 15 (1962) 473. 
27 Gamborg OL, Miller RA & Ojima O, Nutrient requirements 
of suspension cultures of soybean root cell. Exp Cell Res,  
50 (1968) 151. 
28 Kahrizi D & Sorni J, Study on shoot regeneration and 
somatic embryogenesis in cumin (Cuminum cyminum L.) 
landraces. Biharean Biol, 7 (2013) 37. 
29 Ebrahimie E, Habashi AA, Ghareyazie B, Ghannadha M & 
Mohammadi M, A rapid and efficient method for 
regeneration of plantlets from embryo explants of cumin. 
Plant Cell Tiss Org Cult, 75 (2003) 19. 
30 Jasrai YT, Barot SM & Mehta AR, Plant regeneration 
through somatic embryogenesis in hypocotyl explants of 
Trachyspermum ammi (L.) Sprague. Plant Cell Tiss Org 
Cult, 29 (1992) 57. 
31 Yang J, Yang D, Lü W, Zhang X, Ma M, Liu G, Jiang J, & 
Li CH, Somatic embryogenesis and plant regeneration in 
Betula platyphalla. J For Res, (2020). 
32 Bayarmaa, GA, Lee NN, Kang HD, Oyuntsetseg B &  
Moon HK, Micropropagation of the Mongolian medicinal 
plant Zygophyllum potaninii via somatic embryogenesis. 
Plant Biotechnol Rep, 12 (2018) 187. 
33 Merkle SA & Nairn CJ, Hardwood tree biotechnology.  
In Vitro Cell Develop Biol Plant, 41(2005) 602.  
34 Pais MS, Somatic Embryogenesis Induction in Woody 
Species: The Future After OMICs Data Assessment.  
Front Plant Sci, 10 (2019) 1. 
35 Parimalan R, Venugopalan A, Giridhar P, & Ravishankar G, 
Somatic embryogenesis and Agrobacterium-mediated 
transformation in Bixa orellana L. Plant Cell Tissue Organ 
Cult, 105 (2011) 317. 
36 Zhao CC, Zhang LJ, Ge C & Hu K, Establishment and 
optimization of the regeneration system of mature embryos 
of maize ( Zea mays L.). Agric Sci China, 7 (2008) 1046. 
37 Schaller GE, Bishopp A & Kieberc JJ, The Yin-Yang of 
Hormones: Cytokinin and Auxin Interactions in Plant 
Development. Plant Cell, 27 (2015) 44. 
38 Sedaghati B, Haddad R & Bandehpour M, Efficient plant 
regeneration and Agrobacterium-mediated transformation via 
somatic embryogenesis in purslane (Portulaca oleracea L.): 
an important medicinal plant. Plant Cell Tissue Organ Cult, 
136 (2019) 231.  
39 Prakash A, Kumari S, Utkarshini Sinha K & Kumar S, Direct 
and callus mediated regeneration from nodal and intermodal 
segment of Crataeva religiosa G.Forst. Var nurvala (Buch-Ham.) 
Hook. F. Thomson. Indian J Biotechnol, 13 (2014) 263. 
40 Rao MS & Purohit SD, In vitro shoot bud diffrentation  
and plantlet regeneration in (Celastrus Paniculatus).  
Biol Plantrum, 50 (2006) 501. 
41 Mirza Hoseiny SM, Sadat Noori SA, Amanzadeh Y, 
Ghorbani Javid M & Soltani Howyzeha M, Phytochemical 
assessment of some native ajowan (Therachyspermum ammi 
L.) ecotypes in Iran. Ind Crops Prod, 105 (2017) 142. 
42 Kumari S, Kumaraswamy RV, Choudhary RC, Sharma SS, 
Pal A, Raliya R, Biswas P & Saharan V, Thymol 
nanoemulsion exhibits potential antibacterial activity against 
bacterial pustule disease and growth promotory effect on 
soybean. Sci Rep, 8 (2018) 6650. 
 
 
